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ABSTRACT

AN APPLICATION OF A SEGMENTED TIDAL PRISM MODEL
TO THE GREAT BAY ESTUARINE SYSTEM

by
Wendell S. Brown
and
Edgar Arellano M.
Department of Earth Sciences

University of New Hampshire
Durham, NH 03824

The Great Bay Estuarine System has a very complex geometry with a high water

6_3

volume of 230x106m3 and a tidal prism of 64x10°m~. Tidal currents range from 150

cm/sec up to 300 cm/sec and river discharges range from 0.2x106m3 to 2x106m3 per
tidal cycle. Measurements show that in general salt is vertically well-mixed every-
where in the estuary except near the river entrances at the head of the estuary.

Dyer and Taylor's (1973) modified version of Ketchum's segmented tidal prism
model has been applied to the Great Bay Estuarine System in order to predict high ard
low water salinity distribution for a specified river flow. The theory has been
modified here to account for the mixing which occurs at the junction of two branches
of an estuary. The mixing parameter, which in this model is related to the tidal
excursion of water in the estuary, has been determined for different segments in the
estuary on the basis of a comparison between predictions and a comprehensive data set
obtained for a low river flow period. Using a mixing parameter distribution based on
the low river flow calibration procedure the salinity distribution has been predicted
for high river flow. The result compares favorably with observed values for most of
the estuary. The associated flushing time for water parcels entering at the head of
the estuary during periods of low and high river flow is 58.0 and 48.5 tidal cycles

respectively.



1.  Introduction

A modified version of Ketchum's (1951} original segmented tidal prism mix-
ing model has been developed by Dyer and Taylor (1973). This relatively simple
model, which predicts salinity distribution at both high and low slack water, 1is
based on the conservation of volume and salt and the assumption of thorough
tidal mixing within each of its segments. The model has been applied success-
fully by Dyer and Taylor {1973) to the Raritan River (N.J.) and the Bay of
Fundy. The predictability of the model is poor for estuaries such as the Severn
and Thames Rivers where mixing is apparently less complete.

Based on these previous successes we have adapted the Dyer-Taylor model to
mixing of salt within the Great Bay Estuary, New Hampshire (referred to here-
after as the Estuary). The Estuary, which is shown in figure 1, has a mean high
water volume, VH' of 230 x 106m3 with a mean tidal prism, P, of 64 x 106m3.

Thus the currents, which range up to 300 cm/sec, are predominantly tidal because
river discharge per tidal cycle, R, is generally less than 2% of the tidal
prism. The turbulence associated with the tidal currents produces a vertically
well-mixed water column throughout most of the Estuary. This is demonstrated in
figure 2, which shows representative summertime salinity profiles along the
Estuary (above) and averaged horizontal salinity distributions (below). Arellano
(1978) has analyzed available river flow, current and salinity data from several
locations with the Estuary in terms of the Hansen and Rattray {1966) estuarine
classification scheme. With the exception of highest river discharge periods
(which are limited to a few weeks in spring) most of the Estuary is found to be
class 2a. This class is characterized by slight vertical salinity stratifica-
tion and the fact that both advection and difusion processes are important in
the upstream salt flux.

Therefore both observations and the Hansen-Rattray ciassification of the

Estuary suggest that the Dyer-Taylor model may be appropriate for predicting



Saiman
Folls

Cotheco

4370’

Bellomy

Upper Piscotoquo

5

Lower - K
Piscotagqua

Figure 1. Location map of the Great Bay Estuary located in southeastern New
Hampshire. The entry location of the important rivers are shown
in relation to the downstream scale which is divided into units

of kilometers.
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Figure 2, Typical summertime salinity distributions in the Great Bay
Estuary. (above) Tidal averaged salinity profiles for several
Tocations. {below) The depth averaged horizontal salinity distri-
bution for slack high water: (SHW), mid-ebb, slack low water

{SLW), and mid flocd.



salinities in this estuary. In Section 2 we present a summary of the essential
elements of the model. In Section 3 the adaptation of the model to the Estuary
for a low river discharge period is described. The results of a model predic-

tion for a high river discharge period are presented in Section 4.

2. The Model

The Dyer-Taylor segmented tidal mixing model is one dimensional and pre-
dicts the salinity distribution at high and Tow tide in a well mixed estuary.
This simple model is based on the conservation of salt and volume and provides
for a crude spatial resolution of the salinity variability. We have adapted the
original model described by Dyer and Taylor (1973} for a branching estuary. A
schematic of the segment nomenclature for this version of the model is shown in
figure 3. In general each segment, m, is subdivided into parts corresponding to
the tidal prism P the "mobil" Jow water volume, gmvm, and the "stagnant" Tow

The so called "mixing parameter", a_, is chosen on the

water volume, (1-o_) V m

m’ ‘m’
basis of the calibration procedure described in section 3 and has been inter-
preted in terms of the local tidal excursion of water parcels. The main brancr
of the Estuary is divided into M segments starting at the head where the river
discharge per tidal cycie, R, enters. In the modified version a separate
branch with its own river flow input is likewise segmented. In figure 3 the
junction segment between the two branches occurs where segment 2 of the second
branch joints segment n of the main branch.

In general for each branch the volume relationships between segments are

described by equations (1)-(3) below:

V] = R (1)
a,Vy = P (2)
%ns ] Vm+-| = O 'U'm + Pm for m » 2 (3}
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Figure 3, A schematic of segment nomenclature for the Dyer-Taylor mixing
model applied to a branched estuary. The river discharge per
tidal cycle R enters at the head of each of the branches of this
model estuary. Each segment divided into a volume which contains
(i) the tidal prism, Pm; (ii) a "mobil" portion of the low water;
amvm, and (ii11) a "stagnant" portion of the Tow water (1-um)vm
where % 15 a mixing parameter to be determined. In this parti-

cular representation the branch junction occurs at segment n.
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where 0 < @, < 1. These equations describe the process whereby on the flood

tide the volume « v fills the portion of segment m which is designated by

m+] Tmt]

the sum of amvm and Pm‘ I[f there is more than one branch to the estuary then
the same volume relationships hold in a particular branch upstream of the junc-
tion between branches. For the branch junction segment n the volume is defined

from the following

Othn = an_-lvn_] + Pn-I + u-gvg + P; for n _>_2 and & _;_,-2 (4)

where the subscript i corresponds to the branch segment parameters.

The model assumes that at this high water stage that all the water in each
segment m {including volume (1 - am)vm) mixes thoroughly. The following three
expressions describe the conservation of fresh water for the branch junction

segment n, the upstream segment n-1, and the upstream branch segment .

H a L _ L
Cn (Vn + Pn) = (anVn + Pn) Cn+] + (1—an) Vn Cn {5a)
H _ . L L r{ - \'
Cn-1 (Un—1 * Pn-]) - (“n—l Yt t Pn-l) Ch ¥ {1 _an-]) Va1 G- Lob,
H _ L L e n
C; (V2 + PE) = (anvn + Pg) Cn + {1 - uL) Vzcg > {5¢)

where CL and CH are the lTow and high water concentration of fresh water respec-
tively.
At the low water stage thorough mixing is assumed such that the total

volume of fresh water in segment n is

+ R

H H
Van = { )Co oy * (e Ny + P+ RIC + [(1-a )V

+
P- b n-n

un-—]vn-] n-1 -1

where Rn-] and Rp are the total river flow in the two branches respectively.

Continuity of river water from both branches through segment n requires that



_ _ H H L
RnCen = Ro1bna T REG, = (an—1vn-1+Pn-1+Rn-1)Cn—1 ¥ (“2V2+P2+R2)Cg ~apVy G

(7)

where the accumulated river flow Rn = R2 + Rn_1 and the equivalent input concen-

tration C = (R C + RECQ) Ris C here is the input concentration of

n-1 “en-1

freshwater (normaliy=1).
(6) and (7) can be combined to form

Hy _ L H
Rn(cen - Cn) = (1 - un)Vn(Cn - Cn). (8)

For segments which are not branch junctions, such as segment m, (5), (6),

(7) and (8) reduce to

H _ L L

- (Vm * Pm) = sl Ve Goer 7t (0 - a VG (9)
veb = (av + R ) [(1-a )V - R T (10)
m’m m'm Rm-] m-1 m’ 'm Rm-l m
R ,C 4= (aV + e Loy ek and (1)
m-1"m-1 OV Rpo1/ G m'm™m

Hy, _ L H
Ry (Coq - € = (1 - o v (ch - ¢ (12)

(11) can be saolved for C:_] and rewritten for segment m as follows

H .
Cm = (RmCm t o«

L

Cm+1)/(um+1vm+1 ¥ Rm) (13)

m+1 Vm+1
and (12) can be solved for C; as follows

L

Cm

=R (C ;- Y/ (a W+ O (14)

Therefore if C;+] is known then {13) can be solved for Cz which in turn can be
used with (14) to solve for C;. In practice the high water fresh water concen-
tration in the most seaward segment CE is assumed to be zero. That is to say that

only pure sea water is found in the most seaward segment at high water.
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- for the

Thereafter (13) and (14) are used alternately to solve for Cg and C
upstream segments which are not directly upstream from a branch junction.
Immediately upstream from the branch junction segment n, CE_] can be deter-

mined from (7) as follows

H

L H
n-1 = (Relapton¥nly - (“£V£+P£+R2)C£)/(an—lvn—]+Pn—]+Rn-1) (15)

1
I

CE can be determined from the complementary relation. But this depends upon the
value CZ which is not known {and cannot be solved for). Therefore we will let
Cz =3 Ch, B represents the way in which the flood voiumes split at the junction
and will be chosen during the calibration of the model. In the described manner
all CE and Ch can be determined for upstream segments using (13) and (14) (or
(15) where appropriate) in an alternating fashion.

Salinities S, are determined from the fresh water concentration in accor-
dance with S =S ({1 - C,) Wwhere S is the specified oceanic salinity. In
addition the flushing times for individual segments are found from the ratio of
the nigh water fresh water volume in a particular segment to the accumuiated

river discharge rate appropriate for that segment.

3. Model Adaptation

The calibration of the model involves the choice of mixing parameters, . .
for each section and the branch parameter 5. These constants have been deter-
mined on the basis of the comparison of predictions with a comprehensive data
set acquired for the Estuary during a relatively low river flow period of the
year. The actual calibration process consists of the specification of the Tow
water and tidal prism volume distributions, all river flow rates and the oceanic
salinity. The . and 5 values are chosen so that the predicted and observed

high and low slack water salinity distributions match as well as possible in a

lTeast square sense.



The Tow water volume distribution for the Great Bay-Lower Piscataqua
section of the Estuary has been determined from existing nautical charts of the
region and is shown above in figure 4. The cumulative volume distributions for
mean low water, high water and tidal prism for the Great Bay-Lower Piscataqua
and the Upper-Lower Piscataqua section are shown in the two panels below. The
cumulative volume distributions have been fit with eighth order polynomials and
are shown in figure 4 as dashed curves, The uncertainty in the data is greater
than the difference between the fitted-curve and the data in most places. The
measured volume data is compared with the results from the polynomials in table
A-2 in appendix A.

Provisions have been made for the entry of three rivers into the model,
The combined Lamprey-Squamscott, the Qyster-Bellamy and the Cocheco-Salmon
Falls. The daily discharge from the Lamprey River is measured and the data are
available in the form of U.S. Geological Survey Water Data Reports (1974, 1975,
1976, 1977)}. The model calibration was performed for a period of relatively low
river flow during the summer of 1975 when extensive salinity distribution data
was acquired. The flow rate for the Lamprey River is compared with that of the
Salmon Falls River for 1675 in figure 5. In this case the flow rates are pro-
portional to their respective drainage areas for most of the year. Therefore
estimates of all river flows have been made by adjusting an appropriately aver-
aged Lamprey flow rate by factors related to relative drainage basin areas of
the others rivers shown in table 1. The factors are 1.6, 1.6 and 0.3 for the
Lamprey - Squamscott, the Cocheco - Salmon Falls and the Oyster - Bellamy
Rivers respectively. Preliminary calculations indicated that the flushing
period for the entire estuary during a low river flow is about 50 tidal cycles
or 26 days. Therefore average monthly discharges were determined for the
calibration period and found to be 0.1, 0.1 and 0.025 x 106 m3 per tidal cycle

(TC) for the Lamprey - Squamscott, Cocheco - Salmon Falls and Oyster - Bellamy
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Drainage Area (mi1es)2

Above Direct to
Tidewater Tidewater

Total

Fraction of
Lamprey
Drainage Area

Lamprey
Squamscott/Exeter
Oyster

Bellamy

Cocheco

Salmon Falls

Piscataqua [est.)

207.5 2.
108.2 19.
19.6 10.
27.7 5.
173.5 3.

149.6 1.

209,
127.

30.

32.
182.
151,
160,

.81
14
.16
.87
72

.76

Table 1 Drainage areas of the rivers entering the Great Bay Estuarine Systems.
The areas have been normalized by the Lamprey River area since that

river is gauged.

(Data source:

12

Robert Layton, Soil Conservation
Service, U.S. Department of Agriculture, Durham, NH)

.61

.30

.54

76



river pairs respectively. The value for the Oyster - Bellamy river pairs, which
is an overestimate based on just drainage area, was chosen to compensate for a
highly uncertain estimate of discharge into the Piscataqua (see table 1).

The salinity (freshwater concentration) distributions at high and Tow slack
water were determined from synoptic salinity distribution maps (shown in figure
B-1) for the Estuary. These composite maps were constructed on the basis of
vertically averaged salinities collected during several multi-ship surveys of
the Estuary during the summer 1975. (The detailed results of a program to mea-
sure the distribution of salinity and temperature in the Estuary are described
by Brown and Silver (1979)}. A summary of the salinity collection program asso-
ciated directly with this modelling effort also appears in appendix B.

The calibration procedure involves the comparison of model predictions
based on equations {1)-(15) with observed salinity distributions for the summer
1975 period. The details of this computation which have been coded in BASIC for
use on the Tektronics 4051 Graphics System, are described in appendix C. An
interative procedure has been used to determine the mixing coefficients e
which will minimize the difference between model and observed freshwater con-
centration distribution in both branches of the Estuary. The best fit is shown
in figure 6. The results from the calculation are presented in table 2 and a
map of the segment boundaries is shown in figure 7. The distances of isohaline
excursions (see figure B-1) in different parts of the estuary compare favor-
ability with the sizes of the corresponding segments.

Because the relative volume contribution of the Upper Piscataqua branch is
small (see table 2} the branch mixing coefficient g was chosen to be 1. This is
equivalent to saying that the high water concentration, CE; is the same as the
Tow water concentration, Cg; a boundary condition which is equivalent to the
oceanic boundary condition. Tests show for this case that the main branch

conditions are not particularly sensitive to the choice of g.

13
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Comparison of model and observed fresh water concentration dis-

tribution for high (----) and Tow ( ) slack water in the main

branch of the Estuary. This fit has been achieved by choosing

the mixing coefficients for a low river flow case in which the
Lamprey=-Squamscott, Oyster-Bellamy, and Cocheco-Salmon Falls fiows
are 0.1, 0,025 and 0.1 x 108m®/TC, respectively. The ocean (Gulf
of Maine) salinity to which the fresh water concentration is re-
ferred to as 31.57.
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VOLUME AND SALINITY DISTRIBUTION
GREAT BAY AND LOWER PISCATAQUA

#m Segment @ {(1-a)V a*y PRISM a*V+P
Boundary
ES km
1 .3 0.2 0.00 0.000 0.100 0.167 0.267
2 7.4 0.9 0,30 0.388 0.166 1.386 1.552
3 21.1 2.6 0.45 1.897 1.562 7.128 g.688
1 41.9 5.2 0.65 4.674 B.680 12.082 20,762
5 79.2 9.9 0.75 6.921 20,762 10.075 30.837
6 157.3 19.7 0.80 8.678 34.71] 12.461 47 172
? 203.0 25.4 0.80 11.793 47.172 13.080 60.261

UPPER PISCATAQUA

1" 0.9 0.] 0.00 0.000 0.100 0.089 0.189
2 62 0.8 0.20 0.357  0.089 0.380 0.469
3 2.6 3.3 0.30 1.094 0.469 1.058 1.527
4 458 5.7 0.50 1.527 1.527 2.348 3.87¢
FRESH WATER AND SALT DISTRIBUTIONS
GREAT BAY AND LOWER PISCATAQUA
m Segment Fresh Conc. Salinity (PPT) F(TC) R
Boundary 106m3/TC
ES km High Low High Low
1 1.3 0.2 0.26 1.00  23.45 0.00 0.68 0.100
2 7.4 0.8 0.21 0.41  25.03 18.57 3.99 0.100
3 21,1 2.6 0.11 0.15  28.12 26.64 11.35 0.100
4 4.9 52 0.08 0.10  29.07 28.44 19.65  0.100
5 79.2 9.9 0.05 0.07 29.78 29,24 16.47 0.125
6 157.3 19.7 0.02 0.05  30.75 29.95 5.89 0.225
7 203.0 25.4 0.00 0.02  31.50 30.90 0.00 0.225
UPPER PISCATAQUA
2 6.2 0.8 0.38 0.55  14.17 19.68 3.10 0.100
3' 2.6 3.3 0.17 0.24  23.87 26,27 4,35 0.100
4 458 5.7 0.05 0.11  27.99 29.95 2.65 0.100

Table 2. The results of model calibration procedure for the Estuary are listed.
The o and volume distributions and downstream boundary are shown above for each
'segment m and m'. The two branckes join in segment 6. The high and low water
fresh water concentration and salinities for each section are 1isted along with
the flusaing period, F, and the accumulated river flow, R, for each segment.

The ocean (Gul1f of Maine} salinity for this calculation is 31.5% and the branch
mixing coefficient 8 is 1. ES refers to Estuarine scale which is discussed in

appendix A,
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Figure 7. Segment boundaries for the low river flow calibration experiment.

See table 2 for details.
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4. Results

Using the % selected in the calibration process a prediction was made for
a high river flow condition during the spring run off period of 1978. A set of
salinity data acquired during this period was used to verify the model pre-
diction,

The application of the model to high river flow is a bit subjective because
the location of the segment boundaries are related to our variable river flow,
R, (through equations {1}-(3)) and thus do not coincide with those used in the
calibration phase. Our solution to the problem was to choose an « distribution
which corresponds (approximately} geographically to the distribution found
during calibration. The river flow was determined from the Lamprey gauge data
averaged and adjusted in the same proportions as in the calibration phase. The
segment boundaries for this flow condition are shown in figure 8 for Lamprey -
Squamscott, Oyster - Bellamy and Cocheco - Salmon Falls river flows of .7, .175
and .7 x 106m3/TC respectively. The 5 and aq values were chosen stightiy
greater than the corresponding calibration values of og and g because segment
T{with « = 0) is larger. HNote that the Estuary is divided into one fewer seg-
ments. A comparison between predicted and observed salinities for an ocean
salinity of 30.6% is shown in figure 9, while a summary of the full numerical
results is presented in table 3.

f reasanable agreement between the prediction and the observations exists
throughout all except the upper reaches of the Estuary; a region which was not
well modelled at the outset (see figure 6). The excess of the model fresh water
relative to observations in segments 3 and 4 is probably related to the extra
fresh water input by the Oyster and Bellamy rivers as discussed in section 3.
This could be corrected by representing the uncertain Piscataqua fresh water
input more accurately. The consequences of such a correction to the overall

flushing period of the estuary is probably smalil.

17
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See table 3 for details.
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FRESH WATER CONCENTRATION

Figure 9.
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Comparison of model and observed fresh water concentration dis-

tribution for high (----) and Jow ( } slack water in the main
branch of the Estuary. River flows of 0.7, 0.175 and 0.7 x
106m3/TC have been input at the Lamprey;Squamscott, Oyster-
Bellamy, and Cocheco-Salmon Falls respeétive]y. The ocean (Gulf
of Maine) salinity to which the fresh water concentration is

referenced is 30.7%.
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VOLUME ARD SALINITY DISTRIBUTION

GREAT BAY AND LOWER PISCATAQUA

#m Segment a {1-a}Vol a*Vol PRISM a*V+P
Boundary
ES km
1 7.8 1.0 0,00 0.000 0.780 1.654 2.354
2 22.6 2.8 0.40 2.480 1.654 8.100 9.754
3 45.1 5.6 0.65 5.252 - §.754 12.179 21.933
4 85.2 10.7 0.75 7.311 21.933 10.431 32.364
5 168,2 21.0 0.80 9.273 37.090 12.769 4G, 868
& 208.3 26.0 0.80 12,465 49.860 14.125 63.985

UPPER PISCATAQUA

1 8.6 1.1 0.00 0.000 0.700 0.601 1.301
2' 335 4.2 0.30 1,403 © 0.601 1.459 2.100
3'  580.9 6.4 0.50 2.100 2.100 2.626 4.726

FRESH WATER AND SALT DISTRIBUTIONS
GREAT BAY AND LOWER PISCATAQUA

#m Segment
Boundary Fresh Conc. Salinity {PPT) F(TC) R
1083/ 1¢
ES km High Low High Low
1 7.8 1.0 0.47 1.00 16.22 0.00 1.59 0.7Q2
2 22.6 2.8 0.54 0.67 14.05 10.08 9.48 0.700
3 45,1 5.6 0.43 0.51 17.37 15.06 16.86 0.700
4 85.2 10.7 0.33 0.4 20.64 18.17 14.85% 0.875
5 168.2 21.0 0.15 0.3G 26.00 21.58 5.7% 1.575
6 208.3 26.0 4.00 0.13 30.70 26.82 0.00 1.575
UPPER PISCATAQUA
1' 33.5 3.2 0.65 0.82 5.41 _ 10.79 3.25 0.700
2' 50,9 6.4 0.30 0.53 14.3% 2.158 2.90 0.700

Table 3. Tie results of the high river flow model prediction for the Estuary are
listed. The aand volume distributions and the downstream boundary are shown above
for each segment m and m. The two branches join segment 5. The high and Tow fresh
water concnetration and salinities for each section are listed along with the flush-
ing period, F, and the accumulated river flow, R, for each segment. The ocean {Gulf
of Maine) salinity for the caiculation is 30.7% and the branch mixing coefficient is
g = 1. ES refers to Estuarine Scale, which is discussed in Appendix A.
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The total flushing time for a parcel of water entering the model estuary at
the head of the main branch during this high river flow period is found to be
48.5 M2 tidal cycles or 25.1 days. This contrasts with 58.0 M2 tidal cycles or
30.0 days flushing period for that same parcel of water entering the model
estuary at the head during a low river flow period (such as our calibration
period). The distribution of the segment flushing periods as listed in tables 2

and 3 suggest geographical locations where flushing is maximum and minimum.
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Appendix A - Volume Distributions

The mean high water and low water velume distribution has been determined
for the Great Bay Estuary from the Coast and Geodetic Survey Chart 212. The
bathymetry has been contoured and the Estuary has been subdivided into sections
indicated by the longitudinal scale shown in figure A-1. A planimeter was used
to determine mean low water volumes for each 4 unit subsection of the Estuary
directly from the chart. A mean tidal range of 2m for the Estuary was deter-
mined on the basis of the sea level distribution shown in figure A-2. This was
added to the mean low water and the chart areas were redetermined where neces-
sary to find high water volume distribution. The tidal prism volume distribu-
tion was calculated from the difference between high and low water distributions.

In table A~1 the volumes of the major Estuary subsections are summarized.
The uncertainties are calculated on the basis of a estimated random error of
+ 7% for each 4 unit subsection. Cumulative volume distributions for all three
sets of data were found and eighth order polynomial fits to the results were
determined. A comparison of the measured cumulative volumes and the poliynomial
fits is presented in table A-2. The uncertainty of the cumulative volumes
ranges from + 7% near the head of the Estuary to t 1% near the mouth.

A polynomial determined here can be generally specified as follows:

r .
v{n} = q, * _E F n? where
Jj=1

n is the estuarine scale shown in figure A-1 and r is the order for a particular
polynomial. The coefficients for the polynomial fits are shown in table A-3.
Separate fits where required for the distributions near the origin. The regions

over which each is applied is shown in parentheses.
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750" 7oPap’

Figure A-1

The longitudinal estuarine scale, ES, for the Great Bay Estuarine
System. The reference for the main branch begins at the junction
of the Lamprey and Squamscott River and ends at the entrance to
Portsmouth Harbor. The secondary branch begins at the junction
of the Cocheco and Salmon Falls River and terminates at the junc-
tion between the Upper and Lower Piscataqua. The scale is 8

units per kilometer.
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Figure A-2 Summary of tidal elevation distribution within the Great Bay
Estuarine System. The distributions of 7-day mean high and Tow
water {MHW,MLW) relative to a horizontal surface are shown below,
These are compared with instantaneous sea level distributions
shown for slack high and Tow water {SHW,SLW) and mid-ebb and
flood at Dover Point for 15 July 1975. Above the phase distribu-
tion of high water relative to Dover Point is shown.
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Total Low
Section Total Prism Water
Great Bay 34.31 + .82 18.81 + .45 15.50 + .37
(0-38)
Little Bay 55.38 + 1.05 15.84 + .30 39.54 + .76
{38-95)
Upper Piscataqua 11.62 + .23 4.55 + .09 7.07 + .14
(0-52)
Lower Piscataqua 128.91 + 1.66 24.44 + .3] 104.47 + 1.34
(95-217} :
Estuarine System 230.22 + 2.43 63.64 + .67 166.58 + 1.78
Table A-] Mean volume estimates of the major subsections of the Great Bay

Estuarine System.

terms of the scale shown in figure A-1.
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Table A-2 Cumulative Volume Distributions -for the Great Bay Estuarine System

Units are 105m3.
GREAT BAY & LOWER PISCATAQUA . ) _
T RIGH WATER TLOW WATER PRISH
Measured Polynamial Measured PoYynomial Calculated Polynomizl
ES km Fit Fit Fit
0 0.0 0.0 0.0 0.0
4 0.5 1.12 1.35 0.32 0.0a 0.80 0.89
8 1.0 2.33 1.2 0.73 0.23 1.59 0.84
12 1.5 3.88 3.38 1.17 .95 2.63 2.54
16 2.0 588 6.99 1.70 2.14 4.16 5.00
20 2.5 8.30 11.47 2.2% 3.72 6.59 7.85
24 3.0 14.71 16.36 4,25 5.66 10.44 10,75
28 3.5 23.58 21.40 9.12 71.90 14.44 13.48
2 4.0 28,92 26.41 11.76 10.40 17.13 15.95%
36 4.5 32.84 31.29 14.4] 13.10 18.41 18.10
40 5.0 37,12 35.9% 16.23 15.%5 20.87 15,94
44 5,5 40.38 40.53 18.85% 18.92 21.51 21.597
48 6.0 44.43 4490 21,78 21.96 22.63 22.85
82 6.5 47.30 4914 23.99 25.07 23.29 24.03
56 7.0 51,565 53.28 27.29 28.17 24.34 25,09
B0 7.5 56.39 57.35 .13 .26 25.24 26.09
64 8.0 60,30 61.3% 34,04 . 34.31 26.25 27.06
69 8.6 65.25 66.29 36,93 .04 28.30 28.27
75 9.4 71.81 72.0% 42.13 42.33 29.66 29,76
79 9.9 7Fr.7a 15.87 45,91 45,07 31.81 30.77
83 10.4 82.14 79.55 45.29 47.72 32.83 31.78
87 10.9 85.%2 83.11 51.44 50.24 33.56 32.78
41 11.4 87.78 86.52 53.00 £2.66 34.10 33.75
95 11.9 B9.569 89.76 5. 11 54,96 34.56 34,66
181 12,6 92.99 94.27 57.51 58.22 35.46 35.89
105 13,1 95.63 97.03 59,51 60.27 36.15 36.60
109 3.6 93,29 94 .27 57.51 58.22 35.46 35.89
113 14,1 100.36 101.95% 62,98 64.13 37.36 3n
117 14,6 103.10 104,17 £5.25 65.97 37.83 38.113
121 15.1 106,10 106.28 67.57 67.77 38.42 318.46
125 15,6 109.10 108.27 70.19 69.54 38.89 38.74
129 6.1 131.49 116.24 12.20 71.32 39.26 358.98
133 16,6 113.25 112,25 13.77 73.13 39.4% 39.22
137 17.1 114,74 114,34 1537 74.59 39.55 39.4%
141 17.6 116.54 116.60 77.05 76.95 39.57 39.82
145 18.1 118.00 11%.06 79.13 78.99 39.83 40.24
149 18.6 121.78 121.78 81.47 81.20 40.29 40.76
153 19.1 124.5%0 124.84 83.52 83.58 40._96 471.40
157 19.6 129,08 125.26 86.04 86.19 43.02 42.17
161 20.1 132,90 132.06 88.99 89.05 43.88 43.06
165 20.6 136,87 136.26 92.35 92.21 44.50 44.06
169 21,1 141.42 140.8% 95.86 85.71 45.54 45,13
173 2.6 144.93 145,94 98.62 99,59 46,29 48,25
177 22.1 149,81 151.4] 102.77 103.91 47.02 © 47,38
181 22.6 156.37 167.31 108.35 108.69 48.00 45.49
185 23.1 163.56 163.65 114,67 113.99 48 .87 49.57
189 23.6 171.41 170.48 121.09 1159.86 5Q.30 50.61
193 24.1 178.87 177.92 127 .38 126.13 .47 51.67
197 24.6 186.26 186.10 133.36 133.43 52.88 52.86
201 25.1 195.5% 195.30 140.00 141.21 55.583 54.36
205 25.6 205.00 205.88 149,05 ‘148,70 56.88 56.449
209 26.1 218.60 218.39 159,58 158.91 59.02 56,96
UPPER PISCATAQUA .
HIGH WATER LOW WATER PRISM
Measured Polynamial Measurad Polynomial Calculated Palynomial
ES  km Fit Fit Fit
a 0.0 0.0 0.0 0.0
4 0.5 0.74 0.58 0.38 0.49 0.36 0.09
g8 1.0 j.22 1.34 0.66 0.4% 0.55 0.85
12 1.5 1.74 Z2.00 0.M 0. 64 0.83 1.16
16 2.0 2.43 2.52 1.24 1.26 1.19 1.26
20 2.5 3.13 2.93 1.57 1.63 1.55 1.31
24 3.0 3.45 3.33 1.77 1.92 1.68 1.41
28 3.5 3.91 J.80 2.03 2.20 1.88 1.61
32 4.0 4.5% 4.47 2.6d 2.54 1.90 1.94
36 4.5 5.57 5.39 31.28 3.00 2.29 2.39
40 5.0 6.90 6.63 3.96 3.69 2.54 2.95
44 5.5 8.13 g8.20 4,59 4,83 1.54 3.57
48 6.0 9.30 10.10 5.27 5.85 4.02 4,24
52 6.5 11.62 12.26 7.07 7.3 4.54 4.52
56 7.0 14,92 14,57 9.47 9.09 5.45 5.58
60 7.5 17.61 17.23 11.47 11.03 8.4 6.20



Great Bay - Lower Piscataqua

Low Water Low Water Tidal Prism Tidal Prism
(0-13) (13-209) (0-13) {13-209)

"Poly 3" "Poly 1
q4 -1.0 E-3 1.38625673376 -. 15666667 3.35174230102
9 0.0745706745621 -0.357906292049 22875000 -1.02568322489
4y 0.00195185208717 0.0310486461922 0.116527341976
A5 -4.595897469 E-4 -0.0037091001160
A 4.,479179641 E-6 6.056169163 E-5
qg -3.27715972 E-8 -5.5869764725 E-7
9 1.575584494 E-10 2.930967282 £-9
95 -4,09031767677 £-13 -8.144640579 E-1
dg 4.360196903 E-16 9.30526C257 t-1

Upper Piscataqua
Low Water Low Water Tidal Prism Tidal Prism
(0-20) (20-164) (0-20) {20-164)
"Poly 5" "Poly 4"

q, -0.01 1.3678012724 1.806 E-4 -1.44388387302
4 0.11424503468 -0.391188559294 0.10316425592 0.51461915155¢
9 -0.00554757677474 0.0527167125734 -0.0062232366592 -0.377298761577
95 2.051552524 E-4 -0.00269081150333 2.78020052 E-4 0.00131618211368
Qq 6.956452472 E-5% -2.218964776 E-5
qz -9,424655932 E-7 1.967355422 £-7
qg 6.8930207 E-9 -9.036148763 E-10
a5 -2.581346736 E-11 1.86260282 £-1¢
g 3.892038236 E-14 -9.456139952 E-16
Table A-3 Polynomial coefficients for cumulative volume distribution for mean iow

water and tidal prism in the Great Bay - Lower Piscataqua and the Upper
The sections where these are applicable are indicated in

Piscatagua.

parentheses.

10%m3.

The volume units of the output of each polynomial is
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Appendix B - Salinity Distributions

salinities for the calibration of the model were obtained from water
samples collected in the Estuary during July, August, and September 1975. The
data set includes quasi-synoptic salinity data for several locations over a
tidal cycle. The sample collection were done using the R/V Jere A. Chase, R/V
Ferrel, R/V Explorer, the R/V Microboat and a Normandeau Associates, Inc., boat.
Samples were obtained from several depths using either an on board 12-volt pump
(Simer Model No. BW85) and hose or a standard sampling bottle such as Niskin,
vanDorn or Nansen bottle.

Salinity profiles were also made within a couple hours of slack high and
stack low water along the Estuary during high river flows period on March 22 and
28, 1978 respectively. Salinity samples were pumped on board using a submer-
sible pump and plastic hose. FEach station was sampled over 5 to 8 minute
periods, and the calculated depth was approximated by the hose length.

Al1 water samples were analyzed to obtain salinities using a Guildline
Autosal Salinometer (Model 8400) which has a precision of + .005%. The salin-
ities in a single profile were averaged. A summary of the salinities and the
fresh water concentrations found for the calibration and prediction experiments
are shown in table B-1 and B-2 respectively.

The freshwater concentration, C, at a particular estuarine location is

calculated according to C = (S, - S)/SO where S is the observed estuarine

o
salinity and S0 js the oceanic or reference salinity. The listed salinities for
the calibration were determined from the 1975 composite salinity maps for high

and low slack water shown in figure B-1. The salinities for the high river flow

verification are vertically averaged values of salinities observed at the

indicated locations.
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SL SH CL Cy
ES ki (0/00) (0/00)
Great Bay Q 0.00 20.00 27.80 . 367 118
Fg?gigtaqua 10 1.25 23.00 29.10 .270 .077
20 2.50 26.50 29.25 .159 072
30 3.75 28.20 29.55 105 .062
40 5.00 28.60 29.70 .093 .058
50 6.25 29.00 29.90 .080 051
6C 7.50 29.15 30.05 075 047
70 8.75 29.30 30.10 070 .045
80 10.00 29.50 30.18 . 064 .042
90 11.25 29.70 30.50 .057 032
100 12.50 29.80 30.90 .055 Q20
110 13.75 29.90 31.10 .052 .013
120 15.00 30.10 31.22 .045 .009
130 16.25 30.20 31.25 .042 .008
140 17.50 30.30 31.27 .039 .008
150 18.75 30.50 31.30 .032 007
160 20.00 30.65 31.33 .028 006
170 21.26 30.75 31.36 .024 .005
180 22.50 30.85 31.40 .021 .004
190 23.75 31.00 31.42 016 .003
200 25.00 31.25 31.44 .008 L0272
210 26.25 31.35 31.46 .005 .Q02
Upper Piscataqua 0 0.00 20.00 26.20 . 365 168
10 1.25 21.80 27.00 .308 J143
20 2.50 23.00 28.20 .270 105
30 3.75 24.70 29.00 216 .079
40 5.00 26.20 30.00 .168 .048
50 6.25 28.00 30.60 AR .029
Table B-1 Composite high and low slack water salinity distributions in the

Great Bay Estuary for the summer 1975. The salinities represent
a mean (see text) vertically averaged values at the locations
indicated in terms of the estuarine scale (ES) downstream and the
distance downstream. The fresh water concentrations are calcu-
lated relative to an oceanic S0 = 31.5%.
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L H
ES (km) (0/00) (0/00) “ CH
17 2.13 13.25 20.93 0.470 0.316
24 3.00 11.93 20.19 0.523 0.340
29 3.63 13.07 20.50 0.477 0.330
33 4.13 13.70 20.19 0.452 0.340
38 4,75 13.68 20.50 0.453 0.330
44 5.50 13.63 20.81 0.455 0.320
47 5.88 14.05 21.42 0.438 0.300
50 6.25 14,13 22.03 0.435 0.280
58 7.25 14.25 26.24 0.430 0.260
64 8.00 14.05 22.95 0.438 0.250
68 8.50 15,50 22.80 0.380 0.225
70 8.75 15.50 23.62 0.380 0.228
75 9,38 15.70 24.97 0.372 0.184
80 10.00 15.48 24.79 0.38] 0.190
85 10.63 15,05 25.09 0.398 0.180
95 11.88 15.38 26.68 0.385 0.128
107 13.38 15.93 27.29 0.363 0.108
118 14.75 16.38 29.80 0.345 0.026
125 15.63 17.15 29.65 0.314 0.031
141 17.63 17.48 30.51 0.301 (.030
160 20,00 17.63 30.36 0.295 0.008
165 20.63 18.30 30.55 0.268 0.002
170 21.25 18.90 30.50 0.244 0.003
190 23.75 22.63 30.62 0.175 0.000
200 25.00 25.10 30.60 0.000 0.000
210 26.25 27.48 30.70 0.000 0.000
Table B-2 High and low water salinity distributions based on measurements

made on 22 and 28 March 1978 respectively in the Estuary. The
salinities are vertically averaged values at the locations in-
dicated in terms of the estuarine scale (ES) and the distance
downstream. The fresh water concentration are calculated rela-
tive to an oceanic salinity of S0 = 30.7%.
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Appendix C - Computations
This model has been adapted for calculations using the Tektronix 4051

Graphics System with 24K bytes of memory. Equations (1) through (4) in section
2 have been modified so that segment boundaries, X, can be expressed in terms
of cumulative Tow water volume distributions:

8 i

vix) = ] a;x (c1)
i=0

and the tidal prism volume distribution,

[ve]

pix) = ] ryx’ (c2)
i=0

where 45 and r;are given in Table A-3. The following computation scheme was

developed to calculate the segment boundaries X For calculation of segment 1

boundary, X1 (xo = 0 the head of the model estuary)} we know from equations (1)-
(3) that:
1y Vy = Py (C3-b)
4] Vn+1 = unvn + Pn for n > 2 (C3-c)
But also
Vv = v(x]) - v(xo) = v(x]) - v(xo). (c4)

Thus (C1}, (C3-a) and (C4) yield

q; x; + v(xo) -R=0

i~ 00

i=0
which in principal can be soived for X1 - Actually an iterative procedure

(called Newton's iterations) is used on the computer to make this calculation.
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Given Xq we know from equation (C3-b) that
Vo = Py/as.
Again Vy = v(xz) - v(x]) and P] = p(x]) - p(xo) = p(x]) 50
vixy) = plxq)ay + vixg) = Kalxg) . (C5)

Kz(x]) can be calculated from (C1}, (C2) and X1 - The following equation for Xo

can be found from (C1) and {C5)

| o 20

i=0
This can be solved for Xge

For n = 2 we know X and x from the previous segment boundary calcu-

n-1
Tation and {C3-c) leads to the following for segment n+l,

Vhe1 T (un/an+]) Vo * Polenn

But Vn+1 and Pn can be found according to

Voo = vx q) - vix ) and Po= plx ) - plx ;)

n n-1

S0
VO aq) = Gofa DV ) - x0T+ Do(x,) - plx_)3/a,y *+ v(x) (C6)

B Kn+1 (xn—l’ XnJ'

K can be calcuiated from Xn_10 Xpe (C1) and {C2) and the following equation

nt+l

1 X ,q Gan be found

1 .
. 93 Xpe1 ~ Kpep = 0

1l b1

.j
Special provisions must be made for the input of additional branches into seg-

ments for which n > 1. The volumetric correction is made on the segment which
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coincides with the junction of the Estuary proper and the Upper Piscataqua.
Once the segment boundaries and volumes are calculated then high and low

water fresh water concentrations are calculated using (13), (14), and (15)

as outlined in section 2. The accumulated river flow due to multiple river

input is accounted for during this step. The flushing time for each segment

Fn is based on the amount of fresh water in a high water segment according

to

H
Cn (Vn * pn)

1] Rn

The total flushing time FT for a water parcel entering the head of the Estuary

is

A BASIC program has been written to (i) perform the indicated computations,
(1) display the numerical results and (iii) make comparison plots of the pre-
dicted and observed fresh water concentrations. The Tisting of the program

appears in Appendix D.
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REM
REH
REMN
REH
REN
REM
REM
REM
REM
REM
REHM
RE!

KEN
REN
REM
REN
REM
REM
REM
REH
REY

APPENDIX D

COMPUTER PROGRAM

GENERAL COMMENTS o '
Thic program uses the Dyar Taylor’s (1973 nodified version of
ketchun’s segmented tidal prism model and it is applied to the
Great Bay Estuarine Sustem, in order to predict high and low
water calinity distribution based on the river flou, volume dist
ribution and geonetry of the estuary for & variable river flou,
The mixina parameter, which in this case is related to the
tidal excursion of water in the estuary, has been determi-
nined for different ceagnents on the hasis of conparison
between avaliakle datas; the flushing time is also calculated
for individua) sesments and for the entire estuary,
REFERENCE; ] o ) ,
f Simples Szomented Prism model of tidel mixing 1in well mixed
Estuaries,
K.R., Dbuczr and P.A. Taylor
Estuarine and Coastal Marine Science (1973) I, 411-418,

PRINT

REM
REH
REM
REN
REN
REN
REN
REH
REH
REN

REN F

REM
REM
REN
REM
REN
REM
REM
REM
REN
REM
REM
REM
REN
REM
REM
REM
REM
REM
REM
REM
REN
REN
REM
REH
REN
REH
REM
REM
REM
REN
REH
REH
REM
REH
REN

IHNPUT DATA . .

Rl = River discharge for the Lamprey-Squamscott rivers 1n
cubic meters par tidal cycle. ) )

R2 = River discharge for the Cacheco/Saelwon Falls rivers in
cubic meters per tidal cucle. . .

R3 = River discharse for the Oyster + Bellamy rivers in cubic
meters per tidal cycle.

A = Current value of mixing paraneter. @€ you want to
change A delete lines 1{808-1230 and print IKPUT A in one
of these lines .

PARAHMETERS FysLsS, TO SEARCH FOR THE SOLUTION OF THE POLYNOMIAL

First} Segmnent start.

Last} segment end.
Step; 0.1
seament to be corrected.

UTPUT DRTA

=Cyrrent value of cum LW UDL at the segment boundary
=Current walue of cum FRISH UOL at the segment boundary
2¢133(B2CIYd=cum LY UOL at the ith seg boundary
JPUICINI=LW UDL  of the ith seanent

(P4¢15)= cum PRISHM UOL wvalue at the i1th zea boundary
$¢(P2¢1)>= PRISH UOL of the ith segment
ith seanent boundary for areat bay-piscatagua
h sesnent boundard of upper piscatagua
I>i= {1-fA2Volune
1>
1

Iy

P ]

A¥lolune

. Prisn,

YiCU7 < = A¥lUolune + Prisn

=Great Bay seoment # of UP/LP junction

=UP seament # adjacent to UP/LP junction

KB=Prism volume in UP transition seament (x<52)

Hi=tow water volume in UP transition segment (x<52)
01=UP Segment nunber before transition sesment

W2= AYH! (x{52)

W3=Uplume residual from UP added to LP sesment(x>52)
FOR THE FRESH WAQTER CONCENTRATION CALCULATIONS

£8= EQUIVALENT RIVER WATER CONCEMTRATION FOR A SEGHENT
C4CMI;CCECMI)I= Fresh water concentration for hish water.
CS(MY;(C7¢M)I= Fresh water concentration for low water.
S2¢MYICS4(MId= Salinity in PPT for high water.

$3(M)= Sclinity in PPT for low uater,

Tidal cucle for each segment.

giver discharge throush a particular seament

T

t
C
C
<

P N el = Ll o ey
e B B B o [ W e I ]

L
S
1
0
U
o
Y
U1
R¢
P1
4
Y
B8 J
k] )
Pi )
us 3
N1

0

i
-
H

e

£ 13
HAA~ABH~AF-

USCI))= lixing paraneter of the ith  segment
otal Flushinog time in tidel cuycles.
Input any dummy nunker to plot your results (to stop
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EE?HT your table results so you can make a copy).
REM This proaram was developed using the 4851 GRAPHIC TERMINAL
REM (in basic languase) by EDGAR ARELLAMNO.

898 REWM AND REUISED BY W.S. BROWH DEC 12, 1378

988 REM BOTH OF THE DEPT OF EARTH SCIENCES;UNIV, OF NEW HAMPSHIRE

810 REM DURHAM, N.H. 03824 .

948 PRINT

958 INIT

960 REM Dimension of the different variables.

970 DIM X118, 41C18),PC18),U1C18),P1C10),U2¢18),P2¢(8),B2¢(8)

988 DIM R(18),P4(8>,B8¢16),08(10),U8¢18)>,R4(10),CB(18)

998 DIN Y(B8),U8(8),L5¢1a),Cd(1d)

1080 DIM F7(10)>,FS{18>,U7C(10>,LP<108),C6C18),U3(18>,B7¢R),D7(8),UP(8>
1818 REH Input the different river discharge into the estuary
1028 REM in units of 1806 cubic meters per tidal cyclesand initial
1830 REM izgtion of some variables.,

1940 PRINT "RIUER DISCHARGE <186 M3/TIDE C¥)for the*

o gt Pt P Pt et

WIS QOON MAALN-DIOONSD®
POLOIOD DODRPODVORHNG

kGt G i, e ek it et o ok ks Pt Ptk G kP ok P B B i

NITORI PO NITA) b 4t bt bt st st e o o

FN
o

ig
20

o0

B b P B B B
SO T8 G
OO

89

28
30

ot o ke e Pl b, il P ok s it ik s

LN 14 14 K-

PRINT "LAHPREY+SQUANSCOTT,UPPER PISCATAQUA AND OYSTER+BELLANY = *}
INPUT Ri,R2,R3 '
IMAGE 7C(114A)

REM Paraneter J=1 to identify the Great Bay and Lower
REM Piscataqua System.

JS={

J1=0

J6=3

K9=1

G0 TO 1278

REM Star the calculetions for the Upper and Lowver

REM Piscataqua in order to do a volumetric correction at
REM the section in DQUER POINT.

PRINT

PRINT "Q UPPER PISCATARUA G"

REM Paranoeter J=2 to identify calulatios for the Upper
REM Piscatagqua Systen.

i

PRINT *THE UPPER PISCATRABUA EMTERS IN THE *jN
Egn CARALCULATICHS FOR THE FIRST TWO SEGHMEMTS ¢
A=1

=1

U7¢l)=1

UB(Iy=1

REM SOLUE THE POLYMOMIAL EQUATION

GOSUB 49689

IF J=2 THEN 1478

X2=Krp

X(L)=¥2

GO TO 1508

1:"TH SEGMENT"
LINES 1@18-1968)

B X2=Xe

Y(I)=K2

REM CALCULATE CUMULATIVE PRISH aND UOLUME DISTRIBUTION
GOSUR 4139

IF J=2 THEN 1708

REM CRLCULATE UOLUME PARANETERS FOR FIRST GB SEGMENT
P1(1;=3+a.826?9810?5294

y=U+{.BE-3

d=(1-A)XULICL)

Y=AXYLI(])

ua2¢t
vidi
B8l
beci
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1310

1520
1530
1940
1945

U8(1>=P1{1)+D8(1)

R¢1)=D

GO TO 1658

PRINT

PRINT

I1=2

PRINT

PRINT

PRINT "INPUT MIXING PARAMETER R("3;I;">="3%

YZRA2(1)
ATE UOLUME PARAMETERS FOR FIRST PISCATAQUA SEGMENT

=
+
o

PRINT

PRINT "INPUT HIXING PARAMETER AC2)7= "j

INPUT A

ugcId=a

B2(2)=P2(1)/7R+B2(1>

GO TO 1868

v2¢1i=U

Egé1)=2

REM SOLUE THE POLYNOMIAL EQUATION FOR 2HD SEGMENT OF GB AND Vig

GOSUB 4568

IF J=2 THEN 1958
X2=X8

X(1)>=K2

GO TO 1978

1356 REM

1351
1952

GO TO 1977

K2=xd

GOSLB 4368

22=K8

Y(I')_\JQ

REM CALCULATE CUMULATIVE PRISM AND UOLURES

GOSUB 4139

IF J=2 THEN 2148

REM CALCULATE VOLUME PARAMETERS FOR 2HD GREAT BAY SEGMENT

d=C1=-A)EUL(2)

D8C2r=A3VUL (2D

Ug¢2r=p1{2)+D8{(2>

G0 70 2279

SE?oERbCULRTE VOLUNE PARAMETERS FOR 2HD UP SEGMENT

P4(2r=2

P2(2)=2-P4(1)

Y3¢2r=Y-B2¢1>

Bre(2»=C(1-A23U3(2)

D7(2)=A%U3(2)

U7(2r=07(2)+P2{2)

G0 TO 2274

REM Calculation for the segments areater than 3, after
REHN the calibration the mixing parameters ore known
REN so the prediction for any river flow situation can
RENM be made,
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FCR I=3 TO 1@ STEP 1

IF J=2 THEN 2588

PRINT

PRINT

PRINT ”IHPUT MIXING PARAMETER A("3I;")="}
INPUT A

K=I-1

U7(I)=A

REM

U2(I2=U8(K) A+U2(K>
REM

5F1J=1 THEN 2558

Ji=1 :
PRINT "LAST UPPER PISCATAQUA SEGMENT IS #"j01
GO TO 2578

REM

GO TO 2620

PRINT

PRINT

PRINT “INPUT KIXKING PARAMETER A(*313")> =";
INPUT R

Ug(ll)= R

K=I-1

01=I-1

REM

B2 (I)=U7(K)/A+B2¢K>

REN
REM SOLVE POLYNOMIAL EQUATION FOR SEGMEMT=>3
GCOSUB 43¢8

IF J1=1 THEN 2748

J=2 THENH 2658

REN
X2=%8
X(1)=X2

GO TO 2748
REM CHECK FOR POLYNOMIAL TRANSITION FOR UPPER PISCATAQUA

REM

IF ¥B8>32 THEN 2679
GO TO 2688

X@=52

GOSUB 4138
R=Y7(N1)
WB=2~P4(K)
H1=U=-B2<K)>

W2=A%N]1

H3 UPCKI-R2

K3 4M3) 7a+U2(CK)

REM
REM CALCULATE CUMULATIVE PRISM AND VOLUMHES
t0sSUB 4134
IF J=2 THEN 2878
ﬁg?IEGhCULRTE VOLUME PARAMETERS FCR GREAT BAY SEGMENTS=>3
R¢I>=D
ég #é é THEN 2792
REM CRLCULQTE UULUHE PARAMETERS FOR THE TRANSITION SEGMENT
P1CI)=D-R(K>+KB
ULCII=U-Y2C(K>+H1l
X(1y)=X2
J1=2
GO TO 2852
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PICI¥=D=-R(K)

Ui CIx=U-yu2 (K>

BE(I)=(1-ADXUILT >

D8CI)=A%VICI)

USCID=P1¢IN+D8(1)

IF J1=2 THEN 3830

GO 10 2948 _

EEM CALCULATE UCLUWE PRRAMETERS FOR UPPER PISCATARUA SEGMENTS=>3
(Iy=U

P4(13=7

P2CIx=2-P4 (K

U3{I=U=-82¢K)>

EP(I)=C1-AFU3(D

DPCTY=AtU3CID

UZCT =07 CT54P2CT)

GG TO 29¢%8

GG TO 2820

GO TO 2920

REM To chech if a seorment from the Upper and Lower

REH Piscataaua is in the Great and Lower Piscatagqua

REHM Systemy and if 1t does do the respective correction.
c0 TD 3gee
REH
IF J=2 THEN 3239
1F K9=2 THEN 3038
IF R2{S95 THEN 3238
IF ¥2>95 THEN 122@
IF %2>283 THEN 3248
GO TO 3238
GD T0 27€9
0 TQ 3238
HEXT I
et
PRINT *THE MOST SEAWARD SEGMEMT & IS ";lI1

EE?H¥HE CURREMT UALUE OF I IS THE MAXIMUM SEGMENT &

PRINT

PRINT

?ﬁéﬂ¥ ;go YoU WANT TO DISPLAY UOLUME DISTRIBUTION?IF YES ENTER 1"
IF AS=1 THEN 34880

G0 7O 3599

PRINT

PAGE

REM Gutput of the different parameters calculated,
PRINT ™ VOLUME AND SALINITY DISTRIBUTION *

PRIHT * FOR™

PRIHT " GREAT BAY AND LOWER PISCATAGUA "
PRINT

PRINT

IMRGE 7A,1tA,BA. 148,128,114, 7A

EE%N¥SI 3538 vEM L YBHDY ™, “R" fC1-AYXUDL", "ATUOLY, "PRISH", "AXU+P"
FOor L=1 TQ I

Uzx(Ly~8

IMAGE 1¢2D),1¢4D.1D), 830, 1D),1(5D.2D>,4¢(8D.3D)
Eﬁé#TLUSIHG 35781L XLy U, UTCLYSBBCLY,, DBCLIPICLD>,UBCL)
PRINT

FRINT " UPPER PISCATRAUA™

FOR L=1 TO 01 STEP 1

Ma¥(L3s8

z§§¥TLUSIHG 3578:L, Y<LY W UBCL)yB?CL Y DPL)yP2CL >, U7 LD

7 PRINT "UPPER & LOWER PISCATAQUA JOIN IN SEGHENT®;:;H1

?gH!SﬁLINIT? BOUHDARY COHDITICHS
REN Input your salinity boundary condition at section
REM at the mouth of the estucry.
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3686

3584
3366
3908
3914
3318
3920
3922
39235
3927
3929
3931
3935
3927

?R5N¥ ;éHPUT SALINITY C(in ppt> AT THE MOUTH OF THE ESTUARY = *;
HPU
PRINT "FRESHUATER CONCENTRATIONCPPT) for the*
FRIHT "LRMPREY+SQUQHSCOTT,UPPER PISCATARUA AND OYSTER+BELLANY = "3
INPUT c1,c2,C2
REM low water Call sea water).
§5M1T§ghwater fresh water concentration of the seaward segment
{ =8
£=11-1
DELETE R4
0IM ReC1B) :
REM CALCULATION OF SALINITY DISTRIBUTION FOR GREAT BAY-/LP
FOR L=1 TO € STEP t _
REM To check the input of the different rivers discharge
REM at different segnents.
M=I1+]1-L
KsH+1
IF X(M>>35 THEN 377
IF X(M)>E4 THEN 3790
IF Xd{1)<64 THEN 3819
R4(MI=R1+R2+R3
C8CMI=(RIYCI+R2FC2+RIXCID RN
GO TO 3813
R4 {Mr)=RI+R}
COCM)=(RIXCI+RIXCIDI /R4 M)
GO TO 3813
R4(M>=Rt
CB8{MX=C1
REM

IF F3=0 THEN 3829

C4<{M>=9

ka1
COCMI=RAMIKX(CBUMI-CICMI > BBCMI+CH(H)
G0 70 38%9

C4(H)=(R4(K)XCB(K)+DS(K)*C5(K))/(R4(H)+UB(H))
F M=N1-1 THEN 3823
GO TO 2239
REM
CECO1=CSCK)
C4CH)=(R4(K)*CS(K)+DB(K)*CS(K)-(82+U?(DI))*86(01))I(R4(H)+U8(H))
CS(H)=R4(H>X(C8(M)—C4(H))/BS(H)+C4(H)
IF C4M)>C1 THEN 3854
F CSAUM>CL THEN 3869
GO TO 3893
C4(Mry=C1
CS(Mr=C1
REM

RB=CA(MIXCUS MY +BSCM))
7 (M)=R8<R4(N)

NERT L

Co1)=Cy

C4C13=C5¢2>%D8C2> U1 )

R4(1>=R}

A8=CACL1XX(UBC1)+83(¢1))

F?(13>=A8-R4<1>

EEMD?Q%ULQTIUH OF SALINITY DISTRIBUTION FOR UPPER PISCAT~3i'a

R3=R2

C3=C2

FOR L=f 70 Q2

IF L=1 THEN 2944

3939 0=0-1

3540
3942
3944
3945
3946
3951
3952

+1
IU 3951

K=0
0141

L0
K=
0=01
60 TO 3952
CS(U)=(RS$C9+D?(K)*C?(KJ)/(R5+U?(0))
C?(0)=R52(C9-CG(0))/B?(U)+C6(O)
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3953

IF €6¢0J>C2 THEN 3936
IF C7<Q>>C2 THEH 3558
GO TGO 3962

€6(0y=C2

ARI=CECOIECUTCOX+BP (053

FIC(0I=A/RT

NEXT L

PRINT “DO YOU WANT TO DISPLAY SALT DISTRIBUTIONS?IF YES ENTER 1*
INPUT A4

1F A4=1 THEN 3580

G0 TO 4070

PAGE

PRINT "FRESHWATER AND SEET DISTRIBUTIONS"

PRIKT "

2 PRINT "GREAT CAY AND LOUER PISCATRAUA™

PRI USI 3385:“sH", “BHDY", "FRESH CONC"“SALINITY(PPTX*,"F(TCO¥,"R"
IHAGE 6Ry 14A: 1GR.2BAy 199 8A

PRINT USTiHG 393?‘“ " “ES" "KMy "HIGH", "LOW" , "HIGH", "LOW"
INAGE 61y 5Ay 945 IRy BQ, BQ,IZQ

FOR M=1 TO Il

S1=55%(1-COM»

§2=85% (1Ll

IMAGE 1&2D),2(4D.10),5(60.20),1(40.30)

UsRCHD -

PRINT USING 3994:M,X(M),UsC4(MICOS(M)582,81,F7{H),R4CN)
NEXT M

PRINT

PRINT "UPPER PISCATRRUA"

g2=01-1

FOR L=1 TO 02

M=+

S4=S5%(1-C7(M)

§3=55%(i~C6CH)

U=Y(MHI 78

P§i¥TLUSIHG 3934 1M, Y (MO W CECHI LMY, S4S34FI(MIRT
H

PRINT "D0 YOU WAHT TO PLOT RESULTS?IF YES ENTER 1"

INPUT A3

IF A3=1 THEN 4882

GO TD 4110

GOsSUB &708

PRINT "DO ‘YOU WAHT TO INPUT DIFFERENT BOUNDARY CONDPITIONS?YES=1"
THPUT &4

IF A4=! THEH 3389

?ﬁéﬂ; EEO ¥YO0U WANT & RERUN TO CHANGE MIXING PARARMETERS?YES=1"
gﬁDD4=3 THEH 358

£t

gEM&gRLCULRTIUHS OF UGLUME AKRD PRISH

REM GREAT BAY: CUMULATIVE VOLUME DISTRIBUTION AT LOW WATER

IF Ji=1 THEN 41789

IF J=2 THEH 4428

IF ®2{=13 THIH $Z268

H=4, 26010593035 -16X3¥I10-4. 89031767 7E-13XX217+1.575584494 - 9xX216
E=-3,27715972E-85K21544,.479179641E-62:{244~4,595897463E~4xX213

8 E E3é848o461922*X919 9. 3357986292049%X2+1, 38625673376

=H4E+

PRIHT "POLY 1"

GO TO 4359

IF X2>13 THEHN 4178

IF X2<=12 THEN 42568

GO TO 4339

U=0. 0815518520871 7%K212+8.0874570867456213¥X2-1.0E-3
PRINT "PCLY 3"

GO TO 4334

PRINT “GRERT BRY®

PRINT "SEGHENT *3I3% BOUNDRRY=";3;X2
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PRINT

PRINT

GO TO 4638

REM UPPER PISCATAQUA: CUMULATIVE VOLUME DISTRIBUTION AT LOW WATER
IF I={ THEHN 4470

IF X2{=20 THEN 4479

IF ¥2>28 THEN 45240

V=2,851552524E-45X213-0, 6053475767 747415212+40. 114249939468*32 e.a1
GO TO 45609

REM

U=H2+4J24(C2

GO TO 4568
H2=3,892838236E-14%R218-2.981346736E-11%X217+6,8920207E~-9kX216
J25=9,424E55932E-73X21346.956452472E-54K214-0, 00263081 158333xX213
G2=0,0527167125734%K212-6.391188553294%kK2+1. 36788127124
UsH2+J24G2

PRINT "UPPER PISCATRRUA"

PRINT “SEGHENT ";1i" BOUNDARY=";X2

REH PRINT "CUMULATIVE VOLUME = "j

REM PRINT V

GO TO 4759

REM GREAT BAY : CUHMULATIVE PRISM UOLUME DISTRIBUTION

IF K2<{=13 THER 4788
W=9,305250257E-15%K218-8. 14464037 9E~127X217+2. 93836 7282E-9%XX216
F1=-5,586976425E-7x82135+46,056163163E-5%X214-0,00370310011604%X213
G=0,116527341576%X212-1.025683224891X2+3,35174230182

D=G+F1+H

GO TO 4738

RENM

D=-B, 1566666667+0.228751X2

GO 70 4750

REM PRIHT 'CUHULQTIUE PRISM = "3
REH PR

GO TO 494 9
REM UPP:R PISCATAQUA : CUMULATIVE PRISM VOLUME DISTRIBUTION

[F I=1 THEH 48€0

IF ¥2<{=20 THEHN 4860

IF X2>20 THEHN 4880

Eszigsggggsze~4tx2f3-a.99522323655921x272+a.19316425592:x2+1.8365~4

M=-9,456123952E-16%XX218+1.86260282€~12%%2147~9,.036148763E~10xX216

Q=1,9673534B2E-7%XX215-2,.218964776E~5%kX214+0.80131618211328%%243
§=59602??298?615??*X2?2+B.514619161549*32-1.4439343?362
=f++

REN PRINT *CUMULATIVE PRISH I |

REM PRINT 2

RETURN

END

PRINT

PRINT "SOLVE POLYNOMIAL EQUATION"

REM X THIS PROGRAMN SEARCHES FOR A SIGH CHANGE

REM IN THE UALUE OF A POLIHOMIAL FUMNCTION

IF Ji=} THEHN 5128

IF J=2 THEN S50&8

IF I=1 THEN é120

IF X2<=13 THEN 5036

GO TD Si20

F4=1

GO TO €120

IF I=1 THEN 5538

IF I=2 THEN 508¢

IF I=>3 THEN 588l

IF X2<{=20 THEN S08é

GO TO 5858

Fl=}

GO TO 5530

RE

N
REM GREAT BAY @ CUMULATIVE VOLUME DISTRIBUTION AT LOW TIDE
H Khere N is the polynomia) degree.
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"POLY 1
3601969Q3E 16
L 850317577E-13
.5?550449 E-18
3.27715972E-8
4?91’}641E 6
4.%95897469E -4
.831048ed519322
9, 357806232849
THEN 5259
THEHN 5273
31THEH 52360

[T LI L e |

Mo Gd s LR =J 0O
—|VHH|—| N W S e Nt

—

Ol H B

WO V== O PR O0TD0DM
moﬂﬂ'ﬂ'ﬂmhhhnﬂhnm

P(1)=1.386256?33?6-U2(I)
REN
GO TO 6218

P(4>=2,0851532524E-4
(3)=-B.868534757677474
(25=0.1142306329468

F I=1 THEN 5572

0 TO 5650

(§>=-R2

0 T0 6210
{1>=-8.81-B2(I>

0 TO 6218

HT "POLY 4"
3,852038236E-14
-2.581346736E-11
6.8939207E-9
-9.4245635932E-7

6.936452472E-5

-B.082696811350333
8.083527167125734
H

8.391183959294
.3678012724-B2(1)

€218

IF X2228 THEN 5128

IF X2>12 THEH 5328

P(l)=1.8£-3—U2(I)

GO TQ 6218

H=2

PRINT "pPQLY 3

P<32»=0.680195185298717
P(2)=0,8745706735621

IF I=] THCH £1£€8

GO TO 61g4

P{1>=-R1

GO TQ s210

REN Input first,last,step in order to search for
REM a singh chqnge in the polynonmial equation to
REM give the segment lengh.
PRINT “FIRST,LAST,STEP *}

INPUT F.L.8

PRINT

LET X5=F

CosuUp 65318

FOR T=F+S TO L STEP S

LET Yi=P3

LET X5=T

GOsSUB &£538

REH CHECKS FOR SIGH CHANGE IM IHTERVAL F+nS(n IS LOOP INDEX)
IF Y1xP320 TiEH 6350

B4=T=S

X2=8

Xo5=(K4+X2>72

0GB O 0D D
e R L R Y Y R AN

e I LI T O 1 IO

ATTUTO [RUOVOUUVLIOTCOTVO—TT

[ ke N e e Y e oy s ]
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GO T0 6380

HEXT T

PRINT *"HO SIGH CHAHGE FOUND*
GO TD 6210

¥1=T-5§

®Ke=T

Y2=pP3

K= CX4+K22 72

GOSUB 6538

IF ABS(HX4-%2)~/(ABS(X4)+ABSCKX2))>1.0E-6 THEN 6470
PRINT

AB=%5

IF F4=1 THEN 6454

1F Fi=1 THEN 6458

GO TO 6464

IF X8>13 THEN 64¢0
GO TO 6464

IF ¥8>20 THEN 6462
GO TO 6464

F4=0

GO TO S12e

Fi=8

60 70 5858

REM

Fi=0

F4=0

RETURM

IF Y1¥P3>8 THEN €598
x2=%35

GO TO 6480

X4=X5

Yi=P3

G0 TO &410

REM SUBREUTIME TO CALCULATE POLYNOMIAL FOR GUESSED VALUE

P3=P(N+1)

FOR H=N TQ 1 STEP -1
P3=P3*X5+P(H)

TH
;FIP¥<>B THEN 6618
gRéHT X3;"IS A ZERO *
RETURN

END

PRINT "INPUT SEGMENT ¢I» YO BE CORRECTED I ="}

éH?UT I

U (I)=B3<I>+VY5

Ka=2

RETURN

EEHG Initiatizino parameters for the plot subroutine.

C=Il

75=32 —- L

Wa=224

T1=28

W3=8

IF E2>8 THEN 6770

GO TO 6828

H4=25p

T2=25

H$="DISTANCE"

Y$="CUM SALINITYXUOLUME"

GO T0 eBel

Wd=]

T2=8,.1

X$="DISTANCE"

;T-;FRESH WATER CONCENTRATION®
=

T5=32;-‘L
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OO AL N B Gl
OOTRQOEO

REN ¥rk PLOT GRAPH AXES 3X¥X
PAGE

PRIHT "G GREAT BAY AND LOWER PISCATAQUAG*"

WINDOW Hl,W2.KH3,H4

UIEWPORT 15,125,15,97

AKXIS CTS:T1,T2,WE4H3

AKIS @TSITL, T2, H2eH4

REM ¥%% HORIZ. TIC MARK LABELS XXX
MOVE BTSIW1, W3

FOR 1=M1 TO W2 STEP Ti

HOUE @TSIT.MW3

PRIKRT @TS:"JJH"3I

HEXT 1

REM ¥¥x VERT. TIC MARK LABELS Xxx%
REM

FOR I=W3 T0 W4 STEF T2

HOUE @TS:HI(I

PRINT @7S:"HuHH"s [

HEXT 1

REM ¥¥% HORIZ.AXIS LABEL *x%
MOVE @TS: (W1+H2>72, K3

PRINT @T5: " JJ4JJ"s

FOR I=1 TO LEHC(KS$)-2

T=T3

PRINT @T:"H";

REXT I

PRINT @TiX$ :
REN ¥%%¥ UVERTICAL AXIS LABEL Xxx
DIN Y$(25),P$(1)

HOUE @T:M1, (WI+H4)-2

PRINT @T:"HLEHHHHE"}

FOR I=1 VO LEH(Y$2/2

PRINT @T:"K"§

HEXT |

FOR I=1 TO LEN(Y$)

P$=SEG(YS$, 1, 1>

PRINT GT:P%5"HJ"3

HEKT 1

REN *¥¥ Hormal DATA PLOT X%x

PRINT

GO TO r35@

GOSUE 7536

60 TG 6708

END

REM To plot the fresh water concentration predicted
REM by the model at hish and low water.

MOUE OT:X £Scl)

MOUE 871X

FOR I=1 T
K=1+1
DRA BT1 X<
IF #{1>>22
GO TO 7390
X{I>=228
DRAW @T:RCI+1),CICKD
NEXT 1

IF ¥(Cyr>228 THEN 7486
GO TO 7418

R(CH=228

DRAW X<(C>»,E5¢(L)

MOVE BT:¥(1>,05¢13
FOR I=t TO C-{

K=I[+1

[ NN

s E5 (KD
THEN 7386

0 —t

DRAM BTIiXCI>yCaCK?

DRAM @T:XCI+1),C4CK>

NEXKT 1

DRAH X{CO>,L3(K)

REN To plot the fresh water concentration at high and
REM low water calculated #from the observed salinity
REM distribution in the estuary.
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GO To 7628

REHN

MOVE
DRAYW
DRAN
DRAK
HMOVE
DRAW
DRAN
DRAK
END

REM

MOVE
DRAW
DRAN
DRAN
DRAH
DRAW
DRAK
DRAK
DRAM
DRAW
DRAW
DRAN
DRAN
DRAK
DRAA
DRAKW
DRAUW
MOVE
DRAW
DRAH
DRAW
DRAN
DRAK

DRaH
DRAK
DRAH
DRAMW
DRAN
DRAYW
DRAKW
DRAW
DRAN

HIGH RIVER FLOW SITUATION

©7:320,08.48
@T:70,0.41
®T:148,90,31
07:209,0
07:38,0.33
#7:79,0.,29
€7:140,0.85
#T7:209,6

LOW RIVER FLOR SITURTION

0T:0,0.31
87:8,0,29
@T:ls’aol

#T:128,9.89
#T:138,90.83
@T:158,0.84
GT:165,0.83
£T7:185,0.02
2T7:220,08.803
eT:0,0 15
@T:4,0.

eT: 3:9 B?
eT:15,9.67
ET:QSgB.GGS
e7:32,0.06

@7:38,0.055
£7:508,0.05

ET:?@:0-34

@7:90,98,03

@T1:99, 9.02

eT: 128 . B2
07:138,0.061

€7:158,8.61

@7:228,8

INPUT RS
RETURN

END
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